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Introduction
Supersymmetry, or SUSY [1] [2] [3] [4] [5] [6] , is a popular candidate for physics beyond the Standard Model. It provides an elegant solution to the hierarchy problem, which, in the Standard Model, demands high levels of fine tuning to counteract large quantum corrections to the mass of the Higgs boson [7] [8] [9] [10] . R-parity-conserving supersymmetric models can also provide a candidate for dark matter, in the form of the lightest supersymmetric particle (LSP) [11, 12] .
The ATLAS and CMS experiments performed a large number of searches for SUSY during Run-1 of the LHC and, in the absence of a significant excess in any channel, exclusion limits on the masses of SUSY particles (sparticles) were calculated in numerous scenarios, usually in the context of the minimal supersymmetric Standard Model (MSSM) [13, 14] . These scenarios include "high-scale" SUSY models such as mSUGRA [15] [16] [17] or GMSB [18] [19] [20] , both of which specify a particular SUSY-breaking mechanism. Most searches also considered specific "simplified models", which attempt to capture the behaviour of a small number of kinematically accessible SUSY particles, often through considering one particular SUSY production process with a fixed decay chain.
Although the high-scale and simplified model exclusions provide an easily interpretable picture of the sensitivity of analyses to specific areas of parameter space, they are far from -1 -
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a full exploration of the MSSM, which contains about 120 free parameters. The number of parameters is reduced if the phenomenological MSSM (pMSSM) is considered instead. It is based on the most general CP-conserving MSSM, with R-parity conservation, and minimal flavour violation [21, 22] . In addition, the first two generations of sfermions are required to be degenerate and have negligible Yukawa couplings. This leaves 19 independent weakscale parameters to be considered: ten sfermion masses (five for the degenerate first two generations and five for the third generation), three trilinear couplings A τ,t,b which give the couplings between the Higgs field and the third-generation sfermions, the bino, wino and gluino mass parameters M 1,2,3 , the higgsino mass parameter µ, the ratio of the vacuum expectation values of the Higgs fields tan β, and the mass of the pseudoscalar Higgs boson m A .
The model considered here, henceforth referred to as EWKH, is described by only five parameters: M 1 , M 2 , µ, and tan β to define the gaugino-higgsino sector, and m A to define the Higgs sector. Both sectors are defined at tree level. The coloured SUSY particles and sleptons are assumed to be heavy such that they do not impact the phenomenology. This model is well motivated from a dark matter perspective since the dark matter candidate of the MSSM is the lightest neutralino whose properties are fully specified by these five parameters. These parameters therefore also determine the relic density of the neutralino for much of the pMSSM parameter space, i.e. if coannihilations with slepton, squarks and gluinos are neglected.
An interpretation of the Run-1 SUSY searches in pMSSM models may be found in the literature (for instance refs. [23] [24] [25] ). In particular, ATLAS has previously performed a study using about 300 000 pMSSM model points [26] . In that work, all 19 of the pMSSM parameters were varied and the strongest direct constraints on sparticle production were obtained in searches for squarks and gluinos. In this article, attention is restricted to a five-dimensional (5D) sub-space of the pMSSM in order to assess the impact of the ATLAS Run-1 searches (using 20 fb −1 of data at √ s = 8TeV) specifically on the electroweak production of SUSY particles, and the corresponding constraints on dark matter. This provides a study complementary to that in ref. [26] by decoupling strong-interaction production processes from the phenomenology, and thus allows more extensive exploration of the regions of parameter space relevant to electroweak production. The scanning strategy used to select models is also different to ref. [26] , where models were sampled from uniform distributions in the pMSSM parameters, and then required to satisfy a variety of experimental constraints. In this study, an "initial likelihood scan" is performed to select models, using constraints from direct dark matter searches, precision electroweak measurements, flavourphysics results, previous collider searches, and the ATLAS Higgs boson mass measurement.
The impact of the ATLAS searches in different regions of parameter space is established by considering the number of models selected by the initial likelihood scan that are excluded by the ATLAS electroweak SUSY searches. Exclusion limits are calculated using the CL s technique [27] . Both particle-level 1 and reconstruction-level information is used to calculate the CL s values (see section 4), where the reconstruction-level information makes
use of the ATLAS detector simulation, data-driven background estimations, and systematic uncertainties and their correlations. The CL s calculations invoke the simplifying assumption that the reconstruction of events selected at particle level can be parameterised using an average efficiency factor that does not depend on the details of the SUSY model. The reconstruction-level information can then be used to directly map particle-level results to CL s values. This "calibration procedure" significantly reduces the computational load of the analysis and accounts, on average, for the acceptance and efficiency across the ensemble of models.
ATLAS searches
Four ATLAS Run-1 SUSY searches that target electroweak SUSY production are considered, as listed in table 1. Their combined impact on simplified models of electroweak sparticle production, as well as selected pMSSM and high-scale models, is summarised in ref. [29] .
The 2ℓ analysis [30] targetsl-pair production andχ + 1χ − 1 production (whereχ ± 1 decays via sleptons) with three signal regions, looking for an excess of events with e + e − , µ + µ − or e ± µ ∓ and high stransverse mass (m T2 ) [31, 32] . Three additional signal regions target the more difficult scenario ofχ + 1χ − 1 production where the charginos decay via W bosons. Finally, a seventh signal region requiring an opposite-sign light-lepton pair (e + e − , µ + µ − ) with an invariant mass consistent with a Z boson and an additional pair of jets is used to targetχ ± 1χ 0 2 production where the chargino decays via a W boson and the neutralino decays via a Z boson. The 2τ analysis [33] uses four signal regions to search forτ -pair,χ + 1χ − 1 and χ ± 1χ 0 2 production, where the charginos and neutralinos decay via third-generation sleptons. Events with a pair of opposite-sign hadronically decaying τ -leptons (τ had ) and large m T2 are selected for the search. The 3ℓ analysis [34] searches for weakly interacting SUSY particles in events with three light leptons (e/µ), two light leptons and one τ had , or one light lepton and two τ had . Twenty-four signal regions are defined to targetχ ± 1χ 0 2 production, where charginos and neutralinos decay via sleptons, staus, or the SM bosons W , Z and h. The 4ℓ analysis [35] searches for higgsino-likeχ 0 2χ 0 3 production, where the neutralinos decay via sleptons, staus or Z bosons. Nine signal regions are used to select events with large missing transverse momentum (whose magnitude is denoted as E miss T ) and four light leptons, three light leptons and one τ had , or two light leptons and two τ had .
Although this article is restricted to these four analyses, other SUSY searches could provide sensitivity in some regions of the parameter space considered in this article. For example, the ATLAS disappearing-track analysis [36] targets direct long-lived charginos with proper lifetimes O(1 ns) so it could have sensitivity to compressed models where the mass difference of the lightest chargino and the LSP is much less than 1GeV. Consideration of this analysis is beyond the scope of this article. Furthermore, the ATLAS monojet search [37] targets pair-produced dark matter particles but makes no assumption of an underlying supersymmetric theory. These results do not yet have sensitivity to direct electroweak SUSY production so is not considered further in this analysis.
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Analysis Target production processes 2ℓ [30] Table 1 . ATLAS electroweak SUSY searches re-interpreted in the pMSSM for this article.
Theoretical framework
The theoretical SUSY framework used in this article is an effective model of the electroweak gauginos, higgsinos and the Higgs sector of the MSSM, collectively labelled EWKH. The model is described by five parameters, where four of them define the gaugino-higgsino sector at tree level (M 1 , M 2 , µ, and tan β), and m A is added to define the Higgs sector at tree level. The other soft sparticle masses are large to ensure that the sfermions and gluinos are decoupled from the effective theory, while the trilinear couplings are not constrained.
The specific values used are 5TeV for the sfermion soft-masses, 4TeV for the gluino mass and 0.1TeV for the trilinear couplings. When scanning in this framework, a Bayesian prior distribution for these parameters is used as a device to concentrate the parameter scan in certain regions of parameter space. Two different prior distributions are adopted: "flat priors" are uniform in all model parameters, while "log priors" are uniform in the logarithm of all model parameters, except for tan β, for which a uniform prior is used for both sets. Flat priors tend to concentrate sampling towards large values of the parameters (as most of volume of the prior lies there), while log priors concentrate their scan in the lower mass (≪ 1TeV) region (since this metric gives every decade in the parameter values the same a priori probability). The posterior samples resulting from the flat and log prior scans are then merged to achieve a reliable mapping of the (prior-independent) profile likelihood function, as advocated in ref. [38] . Table 2 displays both of the priors used and their ranges. 2 The specific ranges are chosen because they contain the interesting dark matter phenomenology.
The profile likelihood maps obtained from merging the samples gathered with both priors explore in detail both the low-mass and the high-mass regions, for a more thorough scanning of the entire parameter space.
Scanning strategy
A Bayesian approach is adopted for sampling the EWKH parameter space, and the sensitivity of the ATLAS SUSY electroweak analyses is calculated for the resulting posterior samples. This "initial likelihood scan" is driven by the likelihood defined in section 3.2, which is a function of the five pMSSM model parameters and additional nuisance param-2 For parameters that span both negative and positive numbers the log prior is actually a piecewise function in order to be invertible. The log parameter θ Table 2 . EWKH parameters used in the initial likelihood scan and the prior ranges for the two prior choices adopted. "Flat priors" are uniform in the parameter itself within the indicated ranges, while "log priors" are uniform in the logarithm of the parameter within the indicated ranges. The physical ranges for both priors are identical for both the "flat" and "log" priors.
eters. The dimensionality of the likelihood can be reduced to one or two parameters by maximising the likelihood function over the remaining parameters. The resulting function is called the profile likelihood. For example, for a single parameter of interest θ i and other undesired parameters Ψ = {θ 1 , . . . , θ i−1 , θ i+1 , . . . , θ n } the 1D profile likelihood is defined as:
where L(θ i , Ψ) is the likelihood function andΨ is the conditional maximum likelihood estimate (MLE) of Ψ for a given θ i . Confidence intervals/regions from the resulting 1D/2D profile likelihood maps are determined by adopting the usual Neyman construction with the profile likelihood ratio λ(θ i ) as the test statistic:
whereθ i andΨ are the unconditional MLEs. Intervals, or regions, corresponding to 68%, 95% and 99% CL can be estimated by assuming −2 ln λ(θ i ) is χ 2 -distributed which is motivated by Wilks' theorem [39] . This test statistic is used to select the models of interest in this analysis. For each of the final distributions in section 5 the models included are those within the 95% confidence interval/region of the profile likelihood.
The software used to sample the parameter space is SuperBayeS-v2.0, which is interfaced with the publicly available code MultiNest v2.18 [40, 41] , an implementation of the nested sampling algorithm [42] . This is an updated and improved version of the publicly available SuperBayeS scanning package [43, 44] . This Bayesian algorithm, originally designed to compute a model's likelihood and to accurately map out the posterior distribution, can also reliably evaluate the profile likelihood, given appropriate settings [38] .
SuperBayeS-v2.0 is interfaced with the following programs: SOFTSUSY 3.3.10 [45, 46] for SUSY spectrum calculations; MicrOMEGAs 2.4 [47, 48] to compute the abundance of dark matter; DarkSUSY 5.0.5 [49, 50] (SI)χ 0 1 -nucleon scattering cross-section, and σ SD χp , the spin-dependent (SD)χ 0 1 -proton scattering cross-section; SuperIso 3.0 [51, 52] to compute flavour-physics observables; and SusyBSG 1.6 [53, 54] for the determination of BR(B → X s γ). For the computation of the electroweak precision observables described below, the complete one-loop corrections and the available MSSM two-loop corrections have been implemented, as have the full Standard Model results [55] .
Uncertainties in the measured value of the top quark mass, m t = 172.99±0.91GeV [56], can have a significant impact on the results of SUSY analyses. Therefore m t is included as a nuisance parameter in the scans, with a Gaussian prior, in addition to the model parameters described above. Uncertainties in other Standard Model parameters, as well as astrophysical and nuclear physics quantities that enter the likelihood for the directdetection experiments (described in section 4), have a very limited impact on the scan. Thus to limit the dimensionality of the parameter space considered, these other nuisance parameters are fixed in the analysis. The values used for all Standard Model, astrophysical and hadronic parameters are shown in table 3.
Experimental constraints in the initial likelihood scan
A set of existing experimental constraints is used in the initial likelihood scan over the 5D pMSSM to select the models in which to consider the impact of the ATLAS SUSY searches. They are implemented with a joint likelihood function, whose logarithm takes the following form: where L EW represents electroweak precision observables, L B B-physics constraints, L Ωχh 2 measurements of the cosmological dark matter relic density, L DD direct dark matter detection constraints, L Higgs the ATLAS measurement of the Higgs boson mass, and L LEP-χ ± 1 the LEP2 limit on the chargino mass. For the cosmological constraints the Planck Collaboration's constraint on the dark matter relic abundance is used, as this is the most accurate value available. The constraint is implemented differently depending on the proportion of dark matter attributed to neutralinos. If the neutralino were to make up all of the dark matter in the universe, the result from Planck temperature and lensing data, Ω χ h 2 = 0.1186 ± 0.0031, would be applied as a Gaussian likelihood [67] . But here, the neutralino is allowed to be a sub-dominant dark matter component, and the Planck relic density measurement is instead applied as an upper limit. The effective likelihood for the upper limit, taking into account the error, is given by the expression
as derived in the appendix of ref.
[74]. L 0 is an irrelevant normalisation constant, r ⋆ ≡ µ Planck /σ Planck , and Ω χ h 2 is the predicted relic density of neutralinos as a function of the model parameters. Here µ Planck refers to the value of Ω χ h 2 inferred by the Planck Collaboration and σ Planck to its uncertainty. Both numbers are given in table 4. A fixed theoretical uncertainty, τ = 0.012, is also added in quadrature to the experimental error, in order to account for the numerical uncertainties entering in the calculation of the relic density from the SUSY parameters. When neutralinos are not the only constituent of dark matter, the rate of events in a direct-detection experiment is proportionally smaller, as the local neutralino density, ρ χ , is now smaller than the total local dark matter density, ρ DM . The suppression is given by the factor ξ ≡ ρ χ /ρ DM . Following ref.
[75], the ratio of local neutralino density to total dark matter densities is assumed to be equal to that for the cosmic abundances, thus a scaling ansatz is adopted:
For Ω DM , the central value measured by the Planck Collaboration, Ω DM h 2 = 0.1186, is used 
Phenomenology of the LSP
As mentioned in section 3.1, the results of the likelihood scan are used to select models upon which to consider the sensitivity of the electroweak SUSY searches. Figure 1 displays the LSP composition of those models within the 95% CL 2D contours, and their distribution in theχ Three distinct regions are seen, which correspond to different mechanisms to enhance the annihilation cross-section and thus avoid having a cosmological relic density larger than observed. There is the so-called Z-funnel region, where the LSP mass is close to 45GeV and it is mostly bino-like. In this case, the annihilation rate is proportional to the higgsino fraction of theχ 1 that annihilates through a mechanism similar to that in the Z-funnel but involving the lightest Higgs boson instead. This is the so-called h-funnel, and the annihilation rate is proportional to the higgsino fraction as well as the combined bino and wino fraction. In each funnel, theχ 0 1 annihilation rate is enhanced due to a pole in the propagator (2m(χ 
Signal simulation and evaluation of ATLAS constraints
Constraints from ATLAS SUSY searches are imposed on the 570 599 models generated in the initial likelihood scan by generating and simulating events from a subset of these models. The models are split into three categories: those considered to be already excluded by pre-existing constraints and having aχ 0 1 lighter than 1TeV (108 740 models); those where the considered analyses are assumed to be insensitive without performing a detailed analysis (134 624 models); and those that are simulated to assess the impact of the searches in table 1 (326 951 models).
The pre-existing constraint defining the first category of models is the LEP2 limit on the mass of the lightest chargino, m(χ ± 1 ) > 92.4GeV. The second category, consisting of models for which the considered searches are not expected to have any sensitivity, is defined by estimating the total production cross-section for SUSY particle production, using Prospino2 [86 -90] . The searches are not optimised for detecting the decay products of sparticles very close in mass to the LSP, and therefore a process pp →χ iχj is only included in the cross-section calculation if ∆m(χ i , LSP) or ∆m(χ j , LSP) is greater than JHEP09 (2016)175 5GeV. Models with a total cross-section for all considered electroweak SUSY production processes below 0.25 fb are placed in the second category and not processed further at this stage. They are, however, included as unexcluded models in section 5.
The remaining 326 951 models, in the third category, are simulated at particle level using MadGraph 1.5.12 [91] with the CTEQ 6L1 parton density function set [92] and Pythia 6.427 [93] with the AUET2B [94] set of tuned parameters. MadGraph is used to generate the initial pair of sparticles and up to one additional parton, while Pythia is used for all sparticle decays and parton showering. Tauola [95] and Photos [96] are used to handle the decays of τ -leptons and the final-state radiation of photons, respectively. Expected signal region yields are calculated for each of the four considered analyses using these simulated events.
To avoid the computational cost of processing every model with the ATLAS detector simulation, a "calibration procedure" is used to extract CL s values for the models using the particle-level signal region yields described above. Of the 326 951 simulated models, a random sample of 500 models was selected and processed using a fast GEANT4-based [97] simulation of the ATLAS detector, with a parameterisation of the performance of the ATLAS electromagnetic and hadronic calorimeters [98] and full event reconstruction. The selected models follow approximately the initial likelihood scan and thus span the relevant parameter space. The number of events generated for each of these models corresponds to approximately four times the recorded integrated luminosity collected at √ s = 8 TeV, i.e.
80 fb −1 . For these simulated models, signal cross-sections are calculated at next-to-leading (NLO) order in the strong coupling constant using Prospino2 [88] . These cross-sections are in agreement with the NLO calculations matched to resummation at the next-to-leadinglogarithmic accuracy (NLO+NLL) within ∼ 2% [99] [100] [101] . The nominal cross-section and the uncertainty are taken from an envelope of cross-section predictions using different parton distribution function sets and factorisation and renormalisation scales, as described in ref. [102] . These 500 models are then analysed using the full statistical framework [103] of the original ATLAS electroweak SUSY analyses and a CL s value is calculated for each of them. One difference with respect to the published analyses is that signal regions that would normally be statistically combined in the likelihood fit are now treated as separate signal regions, and CL s values are calculated for each region. Similarly, for binned signal regions each bin is treated separately. The results from the 500 models are used to fit a "calibration function" between the particle-level yields and the CL s values for each signal region. This accounts for the SM background prediction in each signal region, together with the observed data. There is one remaining free parameter, which roughly corresponds to the average selection efficiency for SUSY events that pass the particle-level selection. Only those signal regions where the average efficiency could be determined with a statistical precision of better than 20% are considered in the final analysis. In addition, it is required that at least one of the 500 models is excluded, with expected and observed CL s < 0.05. Of the original 44 signal regions, 25 pass these requirements. The 19 rejected signal regions typically have a low acceptance for the EWKH models, due to either very stringent kinematic criteria, or a requirement for τ had candidates, which have a low yield in the EWKH models considered, due to -11 -
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the very high mass of the stau. The real selection efficiency varies from model to model, and the calibration procedure therefore can only gives accurate results when averaged over many models. No additional systematic uncertainty for model-to-model variations is applied.
This simplified method provides an efficient way to calculate the impact of the electroweak searches and the calibration functions are used to extract CL s values for all 326 951 considered models. The best constraints on any signal model would be obtained from a statistical combination of all relevant signal regions; however, this is not possible with this simplified approach so instead a conservative approach is used where the CL s value is taken from the signal region with the smallest expected CL s value.
Impact of the ATLAS electroweak SUSY searches
In this section the impact of the ATLAS electroweak SUSY searches is discussed in terms of 1D and 2D distributions. The models considered for each distribution are those within the 95% confidence region according to the initial likelihood scan outlined in section 3. There are 438 589 and 472 933 such models in the 1D and 2D case, respectively.
A model is considered to be excluded by the ATLAS electroweak SUSY searches if the observed CL s value, calculated as explained in section 4, is less than 0.05. For the 1D distributions in this section, stacked plots are used to indicate the contributions of the 2ℓ, 3ℓ and 4ℓ searches. The 2τ search is found to be insensitive, relative to the other searches, due to the lack of light staus in these models. Signal regions of the 3ℓ and 4ℓ searches that require τ had candidates are similarly insensitive to these models. If more than one search can exclude a model, the one with the smallest expected CL s value is chosen, following the procedure in section 4. For the 2D plots the colours represents the fraction of models which are excluded by ATLAS data at 95% CL. In all of the distributions the fractions displayed correspond to the proportion of models excluded for a given bin in the parameter space.
Of the 472 933 models within the two-dimensional 95% CL bound before the ATLAS electroweak SUSY analyses are considered, approximately 3% are excluded by the searches considered (listed in table 1). The 3ℓ search is the most powerful of the four analyses across these models, having the signal region with the lowest expected CL s for 63.3% of the excluded models. The high sensitivity of this search is largely due to a signal region that is binned in kinematic quantities such as the dilepton invariant mass and E miss T (the signal region is called SR0τ a in ref. [34] ). The 20 bins of SR0τ a are treated here as 20 individual signal regions, the most powerful of which (for these models) is bin 16, requiring a Z boson candidate and stringent lower limits on the transverse mass (m T ) and E miss T . The 2ℓ and 4ℓ searches exclude smaller fractions of models, although they have areas of unique sensitivity, as discussed below.
Impact on the electroweakino masses
The fractions of models excluded as a function of m(χ These results show that the considered searches effectively constrain the Z-and hfunnel regions of the parameter space, with the greatest impact when m(χ ± 1 ) 300GeV. In this scenario the leptons produced in the decay of the produced electroweakinos to the LSP have a large signal acceptance, and the production cross-section of wino-and higgsinolike particles can reach O(pb) with these masses.
Overall, the results are dominated by the 3ℓ search, as explained above. The 4ℓ search is uniquely sensitive to a small fraction of models in a particular region of the parameter space where all of the electroweakinos have masses smaller than approximately 300GeV. These models also have a particular pattern of wino/higgsino mixing that especially favours the SR0Z signal region, which requires a Z candidate and significant E miss is accessible, typically this implies that it and the LSP are both mostly wino-like, with a very small mass difference that prevents detection by the considered analyses. The ATLAS search for disappearing tracks [36] targets this kind of signature, in the case where the mass difference is small enough that theχ ± 1 can traverse a significant portion of the detector before it decays (∆m 200MeV). A full consideration of this search would lead to further constraints in this part of the parameter space as shown in ref. [26] .
Impact on the EWKH model parameters
Figures 4 and 5 display the fraction of models excluded for the five EWKH parameters: M 1 , M 2 , µ, m A and tan β. As before, regions of the parameter space are visible where no models are allowed. For example, there are no models with M 2 or |µ| less than 80GeV due to the LEP2 constraint on theχ figure 3 . The impact on M 2 and µ is less severe, where the excluded fraction peaks at about 4%. In the case of M 2 , a small number of models with M 2 > 1TeV are excluded, corresponding to models with a light higgsino spectrum and a bino-like LSP.
The considered searches can only provide indirect constraints on the remaining model parameters, m A and tan β. Therefore, the features in figures 5(d) and 5(e) are driven by the properties of models with a low-mass LSP in the Z-or h-funnel. Although the pseudoscalar boson does not enter directly into the phenomenology of the considered electroweak searches, the proportion of excluded models is greatest for values of m A below 1TeV, while the excluded models span a wide range of tan β between about 20 and 50.
Impact on dark matter observables
Finally, the impact of the considered electroweak searches in several 2D parameter spaces relevant to dark matter phenomenology is shown in figure 6 . Figure 6(a) shows the fraction of models excluded in theχ . The lower part of each figure shows the fraction of models excluded by the Run 1 ATLAS SUSY searches. The red bins indicates the fraction that is excluded by a 2ℓ SR, the green by a 3ℓ SR, and blue by a 4ℓ SR. The models considered are all within the 1D 95% confidence interval found using the initial likelihood scan.
The region at higher LSP mass corresponds to the region where theχ For the smallest values of Ω χ h 2 (∼ 10 −4 ) the most favoured region of parameter space is a narrow band stretching along the currently largest allowed SI cross-section values of about 10 −1 pb. In this region, the low relic density is achieved by models that sit on the A-funnel resonance. Theχ 0 1 for these models is mostly bino but with a sizeable higgsino content which explains the large SI cross-section. This large SI cross-section also puts these models within reach of future direct-detection searches. For larger relic densities, the SI JHEP09(2016)175 Figure 5 . The number of models sampled by the initial likelihood scan, and the stacked bin-by-bin number of models excluded by the Run 1 ATLAS SUSY searches as a 1D function of the EWKH model parameters. The lower part of each figure shows the fraction of models excluded by the Run 1 ATLAS SUSY searches. The red bins indicates the fraction that is excluded by a 2ℓ SR, the green by a 3ℓ SR, and blue by a 4ℓ SR. The models considered are all within the 1D 95% confidence interval found using the initial likelihood scan. The plots are truncated in |M 1 | and |µ| to highlight the region of ATLAS electroweak SUSY sensitivity.
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(a) (b) (c) Figure 6 . The bin-by-bin fraction of models excluded as a 2D function of the dark matter observables. The colour encodes the fraction of models excluded. The models considered are all within the 2D 95% confidence region found using the initial likelihood scan. No such models are in the white regions, and therefore the coloured bins indicate the 95% CL contours for the initial likelihood scan.
cross-section is small as long as the higgsino admixture is small, but, in the case where thẽ χ 0 1 becomes higgsino-like (wino-like), annihilation is still efficient provided the higgsino-like (wino-like)χ 0 1 has a mass m(χ 0 1 ) 1(2)TeV. In this scenario the relic abundance is low, corresponding to the region 10 −4 Ω χ h 2 10 −1 . Finally, when theχ 0 1 is either bino-like (with a mass of ∼ 50GeV or a few hundred GeV), wino-like (with a mass of about 2TeV) or higgsino-like (with a mass of about 1TeV) then the relic density matches the measurement from the Planck Collaboration. In these cases the SI cross-section reaches lower values because of the greater purity of theχ 0 1 . The impact of the electroweak SUSY searches is stronger for the region of the parameter space where 10 −2 Ω χ h 2 10 −1 and the SI cross-section is low. There is also a mild impact for larger SI cross-sections (10 −10 -10 −8 pb) when the relic density extends down to Ω χ h 2 ∼ 10 −3 .
Taken together, these results show that direct searches for the electroweak production of SUSY particles with the ATLAS experiment have a significant impact on the phe--18 -
nomenologically relevant Z-and h-funnel regions in the pMSSM, without relying on the production of squarks and gluinos. The exclusions weaken if m(χ ± 1 ) > 300GeV, which motivates further study with Run-2 data collected at √ s = 13TeV. The considered searches have limited sensitivity in regions of the parameter space that favourχ 0 1 -χ ± 1 coannihilation and the A-funnel, although parts of these regions could be explored using other search channels not considered here. The impact of the considered searches is complementary to other constraints, and they probe regions of the parameter space that are difficult to reach with direct-detection dark matter experiments.
Conclusions
The ATLAS Collaboration performed a set of dedicated searches for electroweak SUSY particle production during the first run of the LHC, using pp collisions with centre-of-mass energy of 8TeV and an integrated luminosity of 20.3 fb −1 . In this work these searches are interpreted in a five-dimensional realisation of the pMSSM called EWKH. This effective model parameterises the relevant dark matter phenomenology and defines the Higgs sector at tree level of the whole pMSSM.
The parameter space of the theory was initially sampled using a likelihood-driven method. The combined likelihood contains terms for previous collider searches, electroweak precision measurements, flavour physics results, the dark matter relic density and direct dark matter searches, as well as the Higgs boson mass. The dimensionality of the initial likelihood scan was reduced to one or two parameters by maximising the likelihood function over the remaining parameters. This produced 472 933 models within the 2D 95% confidence-level region.
Constraints from ATLAS searches for electroweak SUSY particle production in events with two, three and four charged leptons were then applied by taking the CL s value of the signal region with the best expected sensitivity for each model. Models with CL s < 0.05 were considered to be excluded at 95% confidence level. Due to the number of models involved, a new method for estimating the CL s values of different signal regions was developed, which uses only generator-level information in addition to a calibration sample of 500 models that were passed through the full ATLAS detector simulation. The fraction of models excluded as a function of model parameters and masses was then studied.
The dark matter relic density measurement from the Planck Collaboration allows only four regions of parameter space. These correspond to three mechanisms that achieve a high enough dark matter annihilation cross-section. These regions are: the Z-funnel with m(χ ) < 65GeV) while having negligible sensitivity to the coannihilation and A-funnel regions. The mass spectrum in the coannihilation region is, by definition, compressed, and any leptons produced in the decays of these particles are too soft for the considered searches. It is possible that an existing search, not considered here, for events with a disappearing track would be sensitive to the portion of this region where the mass splitting is 200MeV, leading to a metastable chargino that would decay in the detector. In addition,
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it has been shown that ATLAS searches for squark and gluino production can constrain this region of parameter space, if strongly interacting sparticles are accessible at the LHC. Similarly, in the absence of strong production the A-funnel region is inaccessible because the electroweakinos are too heavy to be detectable with current data. In all, values of |M 1 | below 100GeV are strongly constrained by the considered searches, while the constraints on M 2 , µ and the other parameters are less stringent. Accelerator searches are found to be complementary to direct-detection constraints. In particular, a region of the parameter space with m(χ 0 1 ) 65GeV and small values of the spin-independent interaction cross-section are probed by the Run-1 LHC searches. The different regions of sensitivity demonstrate clearly the importance of these complementary experimental techniques in dark matter searches. [34] ATLAS collaboration, Search for direct production of charginos and neutralinos in events with three leptons and missing transverse momentum in √ s = 8 -25 -
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